0, Syn-1, and Syn-2). Populations AB-medium Syn-1 and AB-medium Syn-2 were developed from AB-medium Syn-0 using two cycles of recurrent selection for increased seed germination at a low water potential. Similarly, CD-tall Syn-1 and CD-tall Syn-2 were developed from CD-tall Syn-0. Our objective was to verify if the increase in seed germination of selected populations would also lead to an increase in fi eld emergence and plant density. Field testing involved planting the six lines in a randomized block design replicated four times at three locations over a 3-yr period. Field emergence and plant density were determined using a frequency grid method at 30, 60, and 90 d after planting (DAP). Percentage fi eld emergence and plant density varied only with sand bluestem line (P < 0.01), generation of selection (P < 0.01), and number of DAP (P < 0.05). Field emergence averaged 52.5, 57.4, and 61.1% for generation Syn-0, Syn-1, and Syn-2, respectively. Plant density averaged 13.8, 15.2, and 16.1 plants m −2 for generation Syn-0, Syn-1, and Syn-2, respectively. Therefore, selection for increased seed germination in sand bluestem also resulted in greater fi eld emergence and higher plant density.
establishment of native grass from seeds include inadequate seed-bed preparation, improper seeding depth, late seeding date, inferior seed quality, competition from weeds, soil pathogens, crusting of the soil surface, and drought (Dudley and Holt, 1963; Stubbendieck and McCully, 1972; Rollins and Ahring, 1987) . Of these, establishment during drought is cited as the most frequent cause of stand failure among native plant species (Blake, 1935) . Springer (2005) investigated the seed germination and early seedling growth of chaff y-seeded grasses at negative water potentials. It was determined that, for sand bluestem, the average 7-d seed germination percentage decreased from 50% under no water stress to 14% at a water potential of −1.6 MPa. The 7-d seedling root and shoot lengths of sand bluestem also declined with increasing water stress. Springer (2005) hypothesized that germinating seeds at low water potentials may be an eff ective method of selecting for increased seed germination under drought conditions. He further stated that the data indicated that suffi cient variation was present to eff ectively select and breed cultivars with improved germination. Springer (2011) determined that it was possible to select for increased seed germination in sand bluestem using recurrent selection. He found after two selection cycles that 7-d seed germination was increased by 16.9% over that of the base population at a water potential of −0.8 MPa. Springer (2011) concluded that it was unknown if the observed increase in seed germination would be expressed as greater stand establishment in natural environments and that was yet to be determined. Therefore, our objective was to verify if the observed increase in seed germination, as outlined above, would lead to an increase in sand bluestem fi eld emergence and plant density.
MATERIALS AND METHODS
The plant materials evaluated were six synthetic populations of sand bluestem (AB-medium Syn-0, AB-medium Syn-1, ABmedium Syn-2, CD-tall Syn-0, CD-tall Syn-1, and CD-tall Syn-2). Populations AB-medium Syn-0 and CD-tall Syn-0 were originally selected for growth and regrowth, disease incidence, leafi ness, seedling vigor, and plant height. A detailed description of the selection procedures for these populations is outlined in Springer et al. (2005) . AB-medium Syn-0 was released as 'Chet' sand bluestem in 2004. Two cycles of recurrent selection were used to develop populations AB-medium Syn-1, AB-medium Syn-2, CD-tall Syn-1, and CD-tall Syn-2. Cycle 1 consisted of germinating 3500 open-pollinated seeds of each Syn-0 population in deionized H 2 O having a water potential of −0.8 MPa for 7 d. All germinated seeds (approximately 250 of each population) were selected to create the Syn-1 populations. Cycle 2 selection was similar to Cycle 1 except that Syn-1 populations were used to create Syn-2 populations. At the end of 7 d, all germinated seeds were removed, washed with deionized H 2 O, planted into 64-cell cavity trays containing a soil mix, and maintained in the greenhouse until fi eld planting. Approximately 7% of the 3500 chaff y pure seed germinated in 7 d at a water potential of −0.8 MPa in each selection cycle. The base populations were designated Syn-0, the fi rst selected populations were designated Syn-1, and the second selected populations were designated Syn-2.
Field testing involved planting the six populations (ABmedium Syn-0, AB-medium Syn-1, AB-medium Syn-2, CDtall Syn-0, CD-tall Syn-1, and CD-tall Syn-2) in a randomized complete block design replicated four times. The plot size was 2 by 10 m, and the seeding population was equivalent to 108 pure live seeds m . Data were analyzed using a general linear mixed model analysis of variance (PROC GLMMIX) with block, location, year of planting, and their interactions as random eff ects and number of DAP as a repeated measure (Littell et al., 1996; SAS Institute, Inc., 2010) . Location and year of planting were classifi ed into random eff ects to broaden the inference of the experiment. Gbur et al. (2012, 25) stated, "if the experiment included multiple locations to broaden the range of environmental conditions (e.g., weather, soil) under which the mean yields of the cultivars were being compared, then locations would be a random eff ect and inference would focus on the variability among locations. Treating locations as a random eff ect allows us to broaden inference to encompass the entire population of locations, not just those locations used in the experiment." This same case could also be made for year of planting. In this experiment, fi xed eff ects were sand bluestem line (AB-medium and CD-tall), generation of selection (Syn-0, Syn-1, and Syn-2), number of DAP (30, 60, and 90), and their interactions. Comparisons of means were made using an adjusted Tukey's procedure at P ≤ 0.05 (SAS Institute, Inc., 2010).
RESULTS AND DISCUSSION
Percentage fi eld emergence of sand bluestem varied only with sand bluestem line (P < 0.01), generation of selection (P < 0.01), and number of DAP (P < 0.05). Sand bluestem line did not interact with generation of selection (P > 0.88) or with number of DAP (P > 0.52). Similarly, generation of selection did not interact with number of DAP (P > 0.56) and no three-factor interaction was found to exist between sand bluestem line, generation of selection, or number of and Gillen (2007) found that the optimum plant density for sand bluestem at Woodward, OK, was 10.8 plants m −2 (a plant spaced every 900 cm 2 ). Using the frequency grid method to estimate plant density, Vogel and Masters (2001) reported that plots with initial low frequencies (12 plant m −2 ) produced lower switchgrass (Panicum virgatum L.) forage yields the fi rst year after establishment, but the second year after establishment forage yields were equivalent to plots with higher initial frequencies. Therefore, the optimum plant density for sand bluestem or other forage species could be achieved by varying the seeding rate at planting. Shaidaee et al. (1969, 242) stated that, "Rapid germination and early establishment of seedlings is very important because it contributes to the success of fi eld plantings when other conditions such as moisture and temperatures are optimum." Selecting for sand bluestem seeds that germinated at lower water potentials produced plant populations with larger caryopses and greater seed germination (Springer, 2011) . In the present experiment, seeds from populations of sand bluestem selected for greater seed germination also had greater fi eld emergence and higher plant density. The selected plant materials are best adapted, where tested, to USDA Plant Hardiness Zones 6 and 7 (USDA, 2012) but can be grown wherever sand bluestem occurs naturally in the central and southern Great Plains. DAP (P > 0.75). Although 7-d seed germination percentage was the same in the laboratory (Springer, 2011) , sand bluestem line AB-medium, averaged across generations of selection, had signifi cantly greater fi eld emergence compared with CD-tall (Table 1) . Averaged across sand bluestem lines, the Syn-2 generation had signifi cantly greater fi eld emergence than either the Syn-1 or Syn-0 generations (Table 1) , and the Syn-1 generation had signifi cantly greater emergence compared with generation Syn-0 (Table  1) . Thus, percentage fi eld emergence of sand bluestem was increased by recurrent selection for increased seed germination at a low water potential.
CONCLUSIONS
At 30 DAP, percentage fi eld emergence averaged 49.3 ± 5.5%. This was signifi cantly lower than at 90 DAP, which averaged 63.4 ± 5.5% (P < 0.05; Table 1 ). Field emergence at 30 and 60 DAP did not diff er (P = 0.05) nor did percentage emergence diff er at 60 and 90 DAP (P = 0.05). Therefore, sand bluestem fi eld emergence was at a maximum approximately 60 DAP.
Field emergence percentage of sand bluestem lines (AB-medium and CD-tall) and generations of selection (Syn-0, Syn-1, and Syn-2) were similar to the 7-d laboratory seed germination in deionized H 2 O reported by Springer (2011) . Averaged across generations of selection, the 7-d seed germination of sand bluestem line AB-medium in deionized H 2 O was 55.9 ± 20%. The 7-d seed germination of sand bluestem line CD-tall was 51.2 ± 20% (Springer, 2011) . Averaged across sand bluestem lines, the 7-d seed germination of generations Syn-0, Syn-1, and Syn-2 in deionized H 2 O was 46.5 ± 20%, 518 ± 20%, and 62.4 ± 20%, respectively (Springer, 2011) . Shaidaee et al. (1969) reported that the percentage fi eld emergence of sand bluestem to be approximately 25% of its standard germination test. Shaidaee et al. (1969) used 50 seed replicates in both the laboratory and fi eld experiments to determine the percentage of germination and fi eld emergence. We did not use a standard germination test to estimate percentage fi eld germination but rather a frequency grid (Vogel and Masters, 2001 ). The frequency grid may be better at predicting fi eld germination of sand bluestem because it is not necessary to count every seedling to determine percentage seed germination.
The plant density of sand bluestem plots varied only with sand bluestem line (P < 0.01), generation of selection (P < 0.01), and number of DAP (P < 0.05). Averaged across sand bluestem lines, the generation Syn-2 had signifi cantly greater plant density compared with either generation Syn-1 or Syn-0 (Table 1) , and generation Syn-1 had signifi cantly greater plant density compared with generation Syn-0 (Table 1) . According to Launchbaugh (1966) , any grass planting resulting in 10 or more seedlings m −2 could be classifi ed as a good stand; therefore, all of the plant densities reported herein can be classifi ed as good stands. On the basis of forage yield and quality, Springer Table 1 . Least square means ± SE for main effects for sand bluestem (Andropogon hallii Hack.) lines (AB-medium and CD-tall), generations (Syn-0, Syn-1, and Syn-2), and number of days after planting (DAP) for dependent variables fi eld emergence and plant density. 63.4 ± 5.5 b 16.7 ± 1.5 b † Dependent variable means followed by the same letter within main independent effect are not signifi cantly different (P ≤ 0.05, Tukey test).
